A water-soluble and low-molecular-weight fraction (SB) was obtained from tomato paste. The effects of SB on the formation of advanced glycation end-products (AGE) in protein glycation were studied by the methods of specific fluorescence, ELISA and a Western blot analysis, using the anti-AGE antibody after incubating protein with sugar. The results suggest that SB had strong inhibitory activity, in comparison with aminoguanidine as a positive control, and that the inhibitory mechanism of SB differed from that of aminoguanidine to involve trapping of reactive dicarbonyl intermediates in the early stage of glycation. SB contained an antioxidant, rutin, which showed potent inhibitory activity. The results also suggest that rutin chiefly contributed to inhibiting the formation of AGE, and that other compounds in SB may also have been related to the activity.
Glycation, a non-enzymatic reaction between reducing sugars and proteins, contributes to the pathogenesis of diabetic complications 1) (nephropathy, neuropathy, and retinopathy) and aging. 2) In the later stages of the Maillard reaction, the products undergo conversion to dicarbonyl intermediates to form advanced glycation end-products (AGE) which have such properties 3) as fluorescence, browning, and cross-linking. Compounds that inhibit the formation of AGE should serve for preventing such the pathologenesis. The nucleophilic hydrazine compound, aminoguanidine hydrochloride (AG), has been extensively investigated, 4) and several compounds, e.g., D-penicillamine, 5) aspirin, 6) antioxidants such as -tocopherol, 7) thiamine pyrophosphate, 8) and a thiazolidine derivative 9) have been reported.
Tomato contains useful products for health, including carotenoids such as lycopene. 10) The occurrence of water-soluble, phenolic antioxidants such as the quercetin conjugate, rutin, is also known. 11) To evaluate those fractions containing useful water-soluble products, we fractionated tomatoes paste to give a water-soluble, lower-molecular-weight fraction (SB).
The aim of the present work is to study the effects of a tomato paste fraction on the formation of AGE in vitro under the conditions of the glycation model. Crosslinked, fluorescent compounds (pentosidine, 12) crosslines 13) etc.) and non-crosslinked, non-fluorescent compounds (carboxymethyl lysine, 14) pyrraline, 15) etc.) have been identified. Therefore, several assay methods have been proposed to determine the inhibitory effects of glycation inhibitors. We assayed the effects of SB by the methods of specific fluorescence, 16) enzyme-linked immunosorbent assay (ELISA) and Western blot analysis, using the anti-AGE antibody. Since tomato fruits contain flavonols in which the main quercetin conjugate has been identified as rutin, we also studied rutin as a major prospective inhibitor of AGE. Furthermore, the activity of SB was measured by the reduction method of nitroblue tetrazolium (NBT) because fructosamines (the early glycation product) formed by Amadori rearrangement have reducing activity toward NBT.
17)

Materials and Methods
Materials. Bovine serum albumin (BSA) (fraction V, fatty acid-free), N-acetyl-glycyl-lysine methyl ester (GK-peptide), and o-phenylenediamine dihydrochloride tablet sets were obtained from Sigma Chemicals. The horseradish peroxidase-conjugated anti-AGE mouse monoclonal antibody was purchased from Funakoshi Co. (manufactured by Trans Genic Inc.). Aminoguaniy To whom correspondence should be addressed. Fax: +81-583-71-5016; E-mail: kiho-tadashi@pref.gifu.lg.jp Abbreviations: AG, aminoguanidine hydrochloride; AGE, advanced glycation end-product; BSA, bovine serum albumin; ELISA, enzyme-linked immunosorbent assay; GK-peptide, N-acetyl-glycyl-lysine methyl ester; NBT, nitroblue tetrazolium; PBS, phosphate-buffered saline; SB, lowmolecular-weight fraction of tomato paste; SDS-PAGE, SDS-polyacrylamide gel electrophoresis dine hydrochloride and rutin were purchased from Tokyo Kasei Co. and Nacarai Tesque, respectively. All other reagents were of special reagent grade. The glucose concentration was determined by a Glucose Btest kit (Wako Pure Chemical) based on the glucose oxidase method.
Measurements. HPLC was performed by a Shimadzu LC-9A instrument. The column used was a Waters 5C18-MS (4:6 Â 250 mm) with a linear gradient of 33-80% of methanol in water from 0 to 15 min at 40 C. The eluate was monitored by UV detection at 310 nm. Fluorescence was analyzed with a Hitachi F-3010 spectrofluorometer.
Fractionation of Tomato Paste. Tomato paste (10 kg) was centrifuged at 6000 rpm for 5 min to give a precipitate (0.95 kg) and supernatant (9.05 kg). The supernatant was ultra-filtered through a membrane (Asahi Kasei ACP-1050, molecular weight of fractionation: 20,000) under a pressure of 0.1 MPa to separate the non-filtered fraction (SA, 1.81 kg) and filtered solution (SB, 7.2 kg). Partition between SB (5 ml) and an equal volume of an n-butanol was performed to give an n-butanol fraction (SB-BU). Part of the SB solution (2 ml) was applied to a small column of active carbon and eluted with water, the fraction being collected to give SBC (the total volume was adjusted with water to 2 ml). Half this amount of SBC (1 ml) was reduced with NaBH 4 , the excess borohydride was decomposed by adding Amberlite CG-120 (H þ Þ, and the boric acid was removed by repeated evaporation with methanol, before evaporating to dryness as described previously 18) (the total volume of SBCR was adjusted with water to 1 ml).
Gel Chromatography. Gel chromatography was performed in a column (1:5 Â 95 cm) of Toyopearl HW-55F (Tosoh) in 0.1 M NaCl. Each solution (0.5 ml) at the 47th day of incubation in the BSA/glucose system was applied to the column, eluted with 0.1 M NaCl, and the fluorescence intensity of each fraction (1.8 ml per tube) was monitored at an excitation of 370 nm and emission of 440 nm.
Formation of AGE in the BSA/Glucose-and BSA/ Fructose Systems. The methodology was based on that of Brownlee et al. 4) BSA (10 mg/ml) was incubated with glucose (500 mM) in phosphate buffered-saline (PBS) (5 ml total volume, pH 7.4) containing 0.02% sodium azide at 37 C. BSA (5 mg/ml) was also incubated with fructose (100 mM) in PBS (5 ml total volume, pH 7.4) containing 0.02% sodium azide at 37 C. The protein, sugar and prospective inhibitor were introduced into the incubation mixture simultaneously. AG was used as a positive inhibitor, control reactions in the absence of the prospective inhibitor were also set up. Each solution was kept in the dark in a capped tube, and incubation was carried out in triplicate tubes. The formation of AGE was firstly assessed by the characteristic fluorescence (excitation wavelength of 370 nm and emission wavelength of 440 nm). In the BSA/glucose system, the aliquots taken were immediately frozen until their analysis by ELISA and Western blotting.
Western blotting was carried out as reported by Thorens et al. 19) The glycated protein was separated by sodium dodecyl sulfate-polyacrylamide (7.5%) gel electrophoresis (SDS-PAGE), and the proteins were transferred to a nitrocellulose membrane according to the method of Towbin et al. 20) The membrane was washed twice with the TBS buffer (20 mM Tris-HCl and 500 mM NaCl at pH 7.5) for 5 min, and then immersed in the TBS buffer containing 3% gelatin for 1 h. The membrane was reacted for 2 h at room temperature with the horseradish peroxidase-conjugated anti-AGE antibody diluted by the TBST buffer (the TBS buffer containing 0.05% Tween-20) containing 1% gelatin. After the membrane had been washed twice for 5 min each with the TBST buffer and then with TBS buffer, the glycated protein was detected by using a 4-chloro-1-naphthol substrate. The density of the band whose color developed was measured with NIH-image of computer software. The percentage inhibition by an inhibitor was calculated by the equation [(A À B)/A] Â 100, where A is the value derived from the density in the control (absence of the inhibitor), and B is that with the inhibitor treatment.
ELISA was carried out according to the method of Engvall. 21) Aliquots of the incubation solution were added to each well of a 96-well plate and incubated overnight at 4 C. The solution was removed, and the plate was washed with PBS. Each well was filled with 100 l of the horseradish-peroxidase-conjugated anti-AGE antibody which had been diluted with 1% BSA-PBS, and the plate incubated for 2 h at room temperature. After the plate had been washed three times with PBS, the o-phenylenediamine substrate was added to each well. The reaction was terminated by adding 2 M sulfuric acid (100 l), and the absorbance at 492 nm was measured by a micro-plate reader (Corona MTP-120).
Formation of AGE in the GK-Peptide/Ribose System. The inhibition of AGE formation was also evaluated by a GK-peptide-ribose assay. 22) GK-peptide (25 mg/ml) was incubated with ribose (100 mM) in PBS (5 ml, pH 7.4) containing 0.02% sodium azide for 7 days at 37 C in the presence or absence of the prospective inhibitor. Each solution was analyzed for its specific fluorescence (excitation wavelength of 340 nm and emission wavelength of 420 nm).
Measurement of the Reduction of NBT. The incubation solution (1 ml) of the BSA/glucose system in the presence or absence of a prospective inhibitor was mixed with 0.5 mM NBT (2.4 ml) dissolved in a 50 mM Tris-HCl buffer solution (pH 9.0).
17) The reduction of NBT was monitored by the increase in absorbance at 530 nm from 5 to 15 min at 37 C. The percentage inhibition was calculated immediately after mixing with SB and on the 7th day of incubation.
Results
The formation of AGE was assessed by reading the fluorescence at Ex 370 nm and Em 440 nm which is characteristic of AGE.
23) The fluorescence intensity of BSA was increased by about 8-fold (control) by incubating with fructose in PBS (pH 7.4) for 35 days at 37 C. SB (400 l in a total incubation mixture of 5 ml) inhibited this increase, and which was most strongly suppressed by 1 mM aminoguanidine as a positive control, as shown in Fig. 1 . The adsorbed SB materials were removed with active carbon to give SBC, and this being reduced with borohydride to give SBCR, because SB was found to contain 23 mg/ml of glucose as sugars. However, the effects of SBC and SBCR on the fluorescence intensity were similar to that of SB with 35 days of incubation.
The fluorescence data for the BSA/glucose system show that SB (10-100 l in a total volume of 5 ml) also depressed the increase in fluorescence (Fig. 2) . Aliquots of each reaction mixture on the 47th day of incubation were subjected to gel chromatography, and each eluted fraction was monitored by fluorescence to give the elution patterns shown in Fig. 3 . SB (100 l) and aminoguanidine (1 mM) decreased the area of the elution-limit position in comparison with the control, although the fluorescence of the incubation mixture with SB was slightly detected in the lower molecular-weight region.
The effect on AGE formation in the BSA/glucose system was studied by Western blotting with the anti-AGE antibody. Hardly any bands were detected immediately after BSA had been mixed with glucose and the prospective inhibitor, but the bands based on AGE on 49th day of incubation were detected as shown in Fig. 4 . Fig. 1 . Effects of SB, SBC, and SBCR on AGE Formation (Fluorescence) in the BSA/Fructose System. BSA (5 mg/ml) was incubated with fructose (100 mM) in PBS (pH 7.5) in a total volume of 5 ml at 37 C in the absence (control) and presence of each sample (400 l) SBC: SB was treated with active carbon; SBCR: SBC was reduced with NaBH 4 or AG (1 mM). The fluorescence intensity was measured at Ex 370 nm and Em 440 nm. Fig. 2 . Effect of SB on AGE Formation (Fluorescence) in the BSA/ Glucose System. BSA (10 mg/ml) was incubated with glucose (500 mM) in PBS (pH 7.5) in a total volume of 5 ml at 37 C in the absence (control) and presence of SB (20-100 l) or AG (1 mM). The fluorescence intensity was measured at Ex 370 nm and Em 440 nm. After incubating for 47 days with the BSA/glucose system, an aliquat (0.5 ml) of the reaction mixture was subjected to gel filtration, and the fluorescence intensity of each fraction was monitored at an excitation of 370 nm and emission of 440 nm. Solutions of the incubation mixtures at the start (day 0) and on the 49th day in the BSA/glucose system were subjected to electrophoresis with 7.5% SDS-polyacrylamide gel. The glycated proteins were transferred to a nitrocellulose membrane by electroblotting, and probed with the antibody against AGE. Lanes 1-5, 0 day; lanes 6-10, 49th day; lanes 1 and 6, control; lanes 2 and 7, SB 20 l; lanes 3 and 8, SB 50 l; lanes 4 and 9, SB 100 l; lanes 5 and 10, AG 1mM.
The intensity of each band was calculated by a computer, and the percentage inhibition of each was obtained by comparing with the value of the control. SB showed a strong inhibitory effect, e.g., the percentage inhibition of 20 l, 50 l, and 100 l of SB were 47%, 71%, and 82%, respectively, while the percentage inhibition by AG was 52% (Fig. 5) . SB was analyzed by HPLC in a reversed-phase column to contain 77 M rutin. The inhibitory activities of 50 M rutin, and of 100 l and 500 l of SB-BU (the butanol-partitioned fraction of SB) were measured by a similar method to be 62%, 37%, and 65%, respectively. AGE formation in the BSA/glucose system was periodically analyzed by ELISA (absorbance of 492 nm) with the anti-AGE antibody. Figure 6 demonstrates the results, SB showing potent inhibition on the formation of AGE. One hundred l of SB gave a higher value than 50 l of SB from the 28th to 49th day of incubation, so the results of ELISA may have been affected by another compound in SB.
The effect of SB and rutin on the formation of AGE in the GK-peptide/ribose system was then studied. This test is used to evaluate the ability of a compound to inhibit the crosslinking of GK-peptide in the presence of ribose. 22) Ten and 100 M rutin and 1 mM aminoguanidine were found to inhibit the formation of AGE (fluorescence) after 24 h, 48 h, and 7 days of incubation, as shown in Fig. 7 . On the other hand, 100 l of SB containing 1.54 M rutin inhibited glycation after 48 h and 7 days but not after 24 h.
The effect of SB on the formation of fructosamines in the glycation process was studied by monitoring the reduction of NBT on the 7th day of incubation in the BSA/glucose system. Since SB itself was found to affect the reduction of NBT, the effect was corrected by the value immediately after being mixed with SB. The results indicate that the inhibition ratio of 100 l of SB was 27%, although 20 l of SB and 1 mM aminoguanidine had no inhibiting effect.
Discussion
Tomato and tomato-derived products in foods contain carotenoids which are thought to provide health benefits in decreasing the risk of disease, particularly cancers. 10, 24, 25) In addition to water-insoluble carotenoids such a lycopene, they also contain low-molecularweight and water-soluble compounds such as rutin. 11, 26) Therefore, a water-soluble and low-molecular-weight fraction (SB) which contained 23 mg of sugars (glucose) per ml was obtained by fractionating tomato paste. We used fluorescence as a parameter to study the influence of SB on the formation of AGE in the BSA/fructose system, because specific fluorescence increases during the process of glycation, 4) and SB resulted in a depression in this increase in fluorescence. We prepared SBC and SBCR to avoid the effects of the colored materials and reducing sugars in SB, although their Peptide/Ribose System. After GK-peptide (25 mg/ml) had been incubated with ribose (100 mM) in the absence (control) and presence of a sample in PBS (pH 7.5) in a total volume of 5 ml at 37 C, the fluorescence intensity was measured at Ex 340 nm and Em 420 nm.
fluorescence intensities observed during the incubation were similar to those of SB. Therefore, we used SB alone as a prospective inhibitor of glycation in the subsequent experiments. SB showed an inhibitory effect on the formation of AGE in the experiment with fluorescence (Ex 370, Em 440 nm) as a parameter in the BSA/glucose system. Gel chromatography of the incubation mixtures on the 47th day was performed to study the influence on the formation of fluorescent highmolecular-weight cross-linked compounds. The results indicate that the formation of fluorescent high-molecular-weight compounds was suppressed by SB and aminoguanidine, although slight fluorescence in the low-molecular region was detected by the incubation with SB.
Since AGE is known to be fluorescent and nonfluorescent compounds [12] [13] [14] [15] and SB itself slightly affects the fluorescence, the inhibitory effect of SB on AGE formation in the BSA/glucose system was analyzed by Western blotting with the anti-AGE antibody. SB showed a dose-dependent inhibitory effect, the percentage inhibition of 50 l and 100 l of SB being more potent than that of 1 mM aminoguanidine. A component in SB was determined by HPLC to contain a watersoluble antioxidant and the aldose reductase inhibitor, rutin 27) (77 M). The rutin content in 100 l of SB was calculated to be 1.54 M. A similar experiment with 50 M rutin and the butanol fraction (SB-BU) of SB resulted in an inhibitory effect. Since the prevention of a diabetes-increased aging effect on rat collagen-linked fluorescence (AGE) by both AG and rutin 28) and the inhibition of AGE formation by quercetin have been reported, 29) rutin in SB could have chiefly contributed to the inhibition. However, since 100 l of SB containing 1.54 M rutin had a more potent effect than 50 M rutin, the results suggest that other compounds in SB in addition to rutin were related to the inhibition, although other inhibitory compounds in SB have not yet been determined. Furthermore, SB was also shown by ELISA to have a potent inhibitory effect on the formation of AGE in the BSA/glucose system. After 35 days of incubation, the inhibitory effect of aminoguanidine had decreased, while that of SB was stronger than that of aminoguanidine. These results indicate that SB would be a stronger inhibitor than aminoguanidine, and suggest that the inhibitory mechanism for SB differs from that of aminoguanidine, a hydrazine-like molecule, to involve trapping of reactive dicarbonyl intermediates in the early stage of glycation. SB was found by an assay with the GK-peptide/ribose system 21) to inhibit crosslinking for longer incubation time than was possible with rutin and aminoguanidine. The results suggest that the inhibitory activity of SB was not only due to rutin in SB, but also to other compounds.
Morimitsu et al. have reported on preventive effect of quercetin (an aglycon of rutin) on the formation of fructosamines in the early stage of glycation by the NBT method, and they also reported that aminoguanidine hardly affected NBT reduction. 29) The results of the present study show that 100 l of SB slightly inhibited the formation of fructosamines, although aminoguanidine did not have an inhibiting effect. The results suggest that SB slightly inhibited the formation of fructosamines or scavenged fructosamines. Since tomato contains soluble vitamins such as pyridoxal and thiamin, 30) these may modify the amino or carbonyl groups in the Maillard reaction to result in the inhibition of fructosamine formation. 31) We have shown in the present study that the watersoluble and low-molecular-weight fraction (SB) prepared from tomato paste strongly inhibited the formation of AGE in the glycation process by the analyses of fluorescence, Western blotting, and ELISA in vitro. This activity would chiefly be due to such water-soluble antioxidants as the rutin in SB or have arisen from a combination of rutin and other components in SB. However, other active compounds than rutin in SB remain to be determined. It is important to identify all the compounds in SB and clarify precise the inhibitory mechanism.
